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Late-glacial macrofossils from a 10-m core from Alpine Swamp, New Jersey, were radiocarbon
dated using accelerator mass spectrometry (AMS). The arrival of the first trees to the area follow-
ing deglaciation is indicated by maximum percentages of spruce pollen and a date of 12,290 = 440
yr B.P. on a single spruce needle. Subsequent spread of deciduous hardwoods was followed by the
expansion of boreal taxa, including spruce (Picea), fir (Abies), larch (Larix laricina), paper birch
(Betula papyrifera), and alder (Alnus). Three AMS dates on paper birch seeds and a spruce needle
during this boreal expansion indicate that it took place between 11,000 and 10,000 yr B.P. The
timing of this vegetational shift and its correlation with late-glacial pollen stratigraphy from many
sites in southern New England indicate that a climatic reversal correlative with the Younger Dryas

characterized the North Atlantic seaboard of the United States.

INTRODUCTION

Establishing the geographic distribution
of specific climatic events is essential for
understanding the mechanisms and causes
of climatic change. The transition from the
last glaciation to the present interglaciation
is particularly intriguing because of an un-
expected and dramatic return to cold con-
ditions, which occurred even as Northern
Hemisphere summer insolation increased
(Berger, 1978). This Younger Dryas stade,
approx 11,000-10,000 yr B.P., is clearly
documented in data from Europe (Lowe et
al., 1980; Watts, 1980), Greenland (Dans-
gaard et al., 1982), eastern Canada (Mott et
al., 1986a, b) and the North Atlantic (Rud-
diman and Mclntyre, 1981; Broecker et al.,
1988). Correlations with cooling events in
the mid-continental United States (Shane,
1987), southern South America (Heusser
and Rabassa, 1987), the Antarctic (Jouzel
et al., 1985), and the North Pacific
(Mathewes, 1987; Keigwin and Jones, 1988)
suggest a possible worldwide climatic
event.
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Whether or not this climatic reversal is
reflected by the pollen stratigraphy of
southern New England has been debated
for almost half a century. We discuss the
reasons for this controversy concerning
northeastern North America, including the
following questions: (1) Is there a consis-
tent pollen stratigraphy present in southern
New England? (2) Does this pollen stratig-
raphy indicate that a climatic reversal took
place? (3) Is this reversal correlative with
the Younger Dryas? We present new pol-
len, macrofossil, and radiocarbon evidence
from Alpine Swamp, New Jersey, that in-
dicates that such a cooling indeed was ex-
perienced in the northeastern United
States.

BACKGROUND

Indications of a late-glacial climatic re-
versal in the United States were first de-
scribed about 50 years ago and reinforced
by subsequent investigations (Deevey,
1939; Leopold, 1956; Deevey, 1958; Ogden,
1959). The typical southern New England
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late-glacial pollen stratigraphy (Davis,
1967) is a tripartite sequence. An initial her-
baceous tundra pollen zone ““T”’ is eventu-
ally succeeded by a spruce-hardwood zone
““A-3”’ with thermophilous species such as
oak (Quercus) and ash (Fraxinus). Subse-
quent percentage decreases of these decid-
uous species are accompanied by increases
in boreal species such as spruce (Picea), fir
(Abies), larch (Larix), birch (Betula), and
alder (Alnus) (denoted by the A-4 spruce
zone). Later, the hardwoods again in-
crease, along with pine (the B zone).

The northeastern U.S. pollen stratigra-
phy alone indicates that the same major
shift in species took place at more than 15
sites, providing a regional signature (Pe-
teet, 1987). Typical stratigraphic sections
that exhibit this late-glacial pattern of re-
versal include Rogers Lake, Connecticut
(Davis, 1969, 1983), and Linsley Pond,
Connecticut (Deevey, 1939). Gaudreau and
Webb (1983) note that a spruce peak char-
acterizes the A-4 zone at many sites, but a
climatic interpretation is not invoked. Al-
though the pattern is widespread in south-
ern New England, the apparant absence of
the oscillation in some northern New En-
gland sites (Davis and Jacobson, 1986) re-
mains puzzling; however, these sites are
characterized by very low sedimentation
rates.

This palynological oscillation has been
enigmatic because of difficulties in inter-
preting vegetational changes from the pol-
len zones A-3 to A-4 and their timing. Al-
though early interpretations invoked a ma-
jor vegetational change resulting from a
climatic cooling (Deevey, 1939; Leopold,
1956), the subsequent consideration of pol-
len influx (accumulation rates of individual
pollen taxa) from Rogers Lake, Connecti-
cut (Davis and Deevey, 1964; Davis, 1967a,
b), prompted a rejection of this hypothe-
sis. Davis (1967a, b) interpreted the A-3
spruce-hardwood zone as reflecting a tun-
dra-conifer landscape because hardwood
pollen accumulation values were low. She
suggested that the apparent decline of the
warmth-demanding hardwood trees actu-
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ally represented a dilution of the hardwood
pollen, resulting from long-distance trans-
port, by local increases in conifer pollen re-
sulting from forest expansion caused by
gradual warming. Davis also used a 730-
year correction for radiocarbon dates (now
rejected: Davis, 1983) which placed the
time of this oscillation after 10,000 yr B.P.
Thus, the palynological oscillation was con-
sidered a percentage artifact and the cor-
rected chronology incompatible with a pos-
sible Younger Dryas event in the northeast-
ern United States. This conclusion has
been widely accepted (e.g., Watts, 1983)
but needs re-evaluation.

The critical factor in determining
whether this palynological shift is correla-
tive with the European Younger Dryas is
the chronostratigraphy. At many sites, ra-
diocarbon control suggests that the reversal
occurred 11-10,000 yr B.P. (Davis, 1983;
Peteet, 1987), but bracketing dates are of-
ten either lacking or not closely constrain-
ing; furthermore, available dates are solely
from bulk organic sediment samples that
possibly are contaminated with older or
younger carbon (Lowe et al., 1988). Alpine
Swamp, New Jersey, is one of several sites
selected to refine the pollen stratigraphy
and to provide macrofossils that can aug-
ment the vegetational reconstruction and
provide identifiable material for radiocar-
bon dating by accelerator mass spectrome-
try (AMS).

STUDY AREA

Alpine Swamp (40°58'N, 73°55'W) (Fig.
1) is located in northeastern New Jersey at
150 m altitude atop the Palisades Sill about
4 km west of the Hudson River. The area
was deglaciated possibly as early as 18,000
yr B.P., based on bulk radiocarbon dates
from basal Francis Lake silts, north of the
terminal moraine (Evenson et al., 1983).
Natural forests of the region are classified
as oak—chestnut (Braun, 1950), with sugar
maple (Acer saccharum), beech (Fagus
grandifolia), yellow birch (Betula lutea),
and hemlock (Tsuga canadensis) regionally
present. Within this mixed hardwood forest



YOUNGER DRYAS REVERSAL

7.5' Yonkers Quadrangle).

the 9-ha swamp is locally characterized by
red maple (Acer rubrum) and black ash
(Fraxinus nigra).

METHODS AND RESULTS

Two sediment cores (A and B) were re-
trieved with a modified Livingstone piston
corer (Wright, 1967). Pollen was obtained
from 1-ml samples taken at 10-cm intervals
in core A and at 5-cm intervals in core B.
Sample processing followed Faegri and
Iversen (1975) and Cwynar et al. (1979); at
least 300 grains/sample were tallied. Cali-
brated Eucalyptus tablets were added to the
samples to calculate pollen influx (Maher,
1972). Samples were processed for macro-
fossils in core B following the procedure of
Birks (1976). AMS-dated macrofossils were
subjected to the normal acid/alkali washes
and were combusted with CuO in sealed
quartz tubes. Samples, in the 48- to 78-pg
size range, were combusted to CO, and
measured. These samples are small even by
AMS standards, and the relatively large
resulting standard deviations arise from
uncertainty in the background to be
subtracted due to contamination during
processing (Vogel et al., 1987). The mea-
surements were made as described by Nel-
son et al. (1986).

Figures 2 (Core A) and 3 (Core B) illus-
trate the major arboreal species repre-
sented by the pollen percentage stratigra-
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phy, which is very similar to the stratigra-
phy in Rogers Lake (Davis, 1967) and
Linsley Pond (Deevey, 1958). The typical
sequence of relative decreases of the hard-
woods—oak, ash, and hornbeam (Ostrya—
Carpinus)—are accompanied by concur-
rent increases in spruce, fir, larch, birch,
and alder. Conventional radiocarbon dates
(Table 1 and Fig. 2) of bulk sediment indi-
cate an age of between 12,000 and 10,000 yr
B.P. for the A-4 interval. The influx dia-
gram (Fig. 3) demonstrates that changes in
the composition of species are not simply
an artifact of percentage computation.
Spruce, fir, larch, birch, and alder all show
independent increases in the A-4 zone,
while oak declines.

A second adjacent core (B, Fig. 4), was
subsequently retrieved in order to deter-
mine the macrofossil stratigraphy within
the swamp (Fig. 5) and the age of specific
macrofossils from the A-4 interval. The pa-
lynological sequence in this core is equiva-
lent to that of core A, although the A-4 in-
terval occurs from 8.25 to 9 m depth.
Spruce and larch needles are found in the
A-3 polien zone, indicating that these trees
were locally present at 12,300 yr B.P. (Ta-
ble 1), prior to their expansion in the sub-
sequent A-4 zone. The A-4 zone contained
spruce needles, one spruce seed, larch nee-
diles, and paper birch (Betula papyrifera)
seeds, indicating that these plants were lo-
cally present. The specific identification of
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TABLE 1. CONVENTIONAL AND ACCELERATOR MASS SPECTROMETRY '“C DATES OF ALPINE
Swamp SAMPLES?

A. Conventional C dates of bulk organic sediment from Core A

Lab no. Sample interval (cm) 14C age
WIS-1464 207-213 5020 + 80
WIS-1465 407413 5940 = 80
WIS-1466 607-613 8980 = 100
WIS-1481 707-713 10,000 = 100
WIS-1482 825-832 12,840 = 110
B. AMS dates on identified macrofossils from Core B
Sample
interval Size 19C age
Lab no. (cm) Identification (ng) (yr B.P.)
RIDDL 815 825-830 2 Betula papyrifera seeds S2 10430 = 380
RIDDL 817 855-860 1 Picea needle 78 10230 = 220
RIDDL 819 875-880 S Betula papyrifera seeds 48 10470 £ 440
RIDDL 1136 990-995 1 Picea needle 105 12290 = 440
C. Unidentified woody fragments
Size 14C age
Lab no. Sample interval (cm) (g (yr B.P.)
RIDDL 816 825-830 225 619 = 100
RIDDL 818 855-860 120 3860 + 120
RIDDL 820 §75-880 160 3490 = 110

2 The 81*C values of macrofossils and wood are assumed to be —25%o.

paper birch is significant, as this cold-
climate species now extends northward
across Canada and Alaska almost to the
limit of tree growth (Fowells, 1965). The
number of these macrofossils decreases in
the subsequent B zone, from which a single
white pine needle (Pinus strobus) was recov-
ered.

The three AMS !“C ages on macrofossils
from the A-4 interval place the dominance
of paper birch and spruce between 11,000
and 10,000 yr B.P. (Table 1). The large 1 ¢
errors associated with the dates reflect the
difficulty in determining the age of small
samples, but even with the uncertainty, the
boreal dominance from all three samples
falls within the millennium in question.
AMS dates of tiny unidentified woody frag-
ments from the same interval are all signif-
icantly younger than the dates of bulk or-
ganic sediment or of the identified boreal

macrofossils. The younger age of the
woody fragments suggests their introduc-
tion into older sediments during the coring
procedure. A mixture of both identified and
unidentified materials would have yielded a
spurious date for the interval. Thus, it is
critically important to date identifiable
plant remains so that contextual relevance
can be judged (Jackson et al., 1986). In this
instance, the climatic indicators (boreal
macrofossils) are the material dated and
questions of association do not arise be-
cause these taxa are not in the modern
flora.

DISCUSSION

The interpretation of palynological
records requires determining whether the
palynological shifts represent actual vege-
tational change and if so, deciphering
the possible causes of these vegetational
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changes. The large number of sites in New
England which reveal the typical A-4, A-3,
B stratigraphy suggests that a late-glacial
vegetational change took place, and that
the spruce-hardwood zone at Alpine
Swamp was actually composed of hard-
woods (i.e., oaks) within 10 km of this site;
today the 5% oak isopoll lies south of the
northern limit of oak trees (Davis and
Webb, 1975). Pollen accumulation rates
from Rogers Lake (Davis, 1967a, b) and Al-
pine Swamp (Fig. 3) indicate that the A-4
hardwood pollen decline was independent
of the much larger boreal forest expansion.
Argument for long-distance transport of the
hardwood pollen based on the quantity of
grains present is tenuous, because pollen
accumulation rates vary widely both within
and between depositional basins (Penning-
ton, 1973) due to such factors as variations
in pollen recruitment processes and sedi-
ment focusing (Davis and Ford, 1982). The
presence of local species is best confirmed
by macrofossils, but thus far few studies
have emphasized macrofossil research, and
as yet no hardwood seeds have been recov-
ered from the A-3 zone.

Edaphic, competitive, and successional
factors are all local reasons for a vegeta-
tional change, and are primarily short-term
effects. In contrast, pyric, migrational, and
climatic factors are regional determinants
of vegetational change. The large number
of sites in southern New England with this
similar palynological stratigraphy implies a
regional cause for the inferred vegetational
change. While fire undoubtedly influenced
the late-glacial landscape of New England,
charcoal data from Alpine Swamp (Fig. 5)
do not indicate an increase in fire during the
A-4 pollen zone. Charcoal data are not
available from most other sites; thus, an as-
sessment of the pyric role in regional vege-
tational reconstruction awaits further anal-
ysis.

Two major obstacles exist to interpreting
the observed New England palynological
shift as due to migration. The first is the
apparant large rapid latitudinal distribution
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of such a shift, from Maine (Jacobson et al.,
1983) and New Hampshire (Davis, 1983)
south to New Jersey, between 11,000 and
10,000 years ago. Figures 2 and 3 show that
the increase in spruce, fir, alder, and birch
coincides with the oak decrease in northern
New Jersey. Pollen influx, as well as per-
centage values, from New Hampshire
(Davis, 1983) and Connecticut (Davis,
1983) indicates that boreal types also in-
creased during the 11,000-10,000 yr B.P.
interval at these widespread sites. An ex-
pansion of boreal taxa, if synchronous
throughout 5° of latitude, implies a nonlocal
cause. However, few other published New
England sites are available for a rigorous
assessment of the timing of the late-glacial
stratigraphy.

The second obstacle to accepting a north-
ward migration in the region due to gradual
warming is that in New Jersey (this study),
Connecticut (D. M. Peteet, unpublished
data), Pennsylvania (Watts, 1979), Ver-
mont (Miller and Thompson, 1979), and
Nova Scotia (Mott ef al., 1986b) spruce
needles are present in sediments well below
the A-4 boreal zone. These needles mark
the establishment of spruce in the region
prior to 11,000 yr B.P. (as early as 12,300 yr
B.P. in Alpine Swamp). Spruce and fir are
found as macrofossils in the A-3 interval at
Tannersville Bog, Pennsylvania (Watts,
1979), and expand along with larch and pa-
per birch in the A-4 zone, just as they do in
Alpine Swamp. These genera all appear in
the pollen percentages below the A-4 zone
and thus were regionally present. Their
sudden increase therefore must not be the
result of migration, but rather the response
to an abrupt environmental change, most
probably climatic in nature. However, the
precise nature of this change, and its mag-
nitude, is not clear.

Increases in seasonality during late-
glacial time in the northeastern United
States suggest that vegetation experienced
summers at least as warm as today, al-
though winters were more severe (Rind et
al., 1986). The sudden shift to A-4 species
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dominance implies colder, snowier condi-
tions, because spruce, fir, larch, and paper
birch all have distributions today at north-
ern latitudes and high altitudes (Fowells,
1965). Climatic data from the boreal forest
in the Adirondack Mountains, northeastern
New York, indicate that altitudes above
400 m are 3°4°C cooler and receive more
snow than those near sea level (NOAA,
1974). Today these higher altitudes are
characterized by a boreal suite of trees,
whereas lower altitudes support oak, ash,
pine, yellow birch, maple, and hemlock
(Fowells, 1965). If summers became colder
or shorter during the Younger Dryas inter-
val, these northern species would likely
have outcompeted oak, ash, and hornbeam.
Extreme winters with deeper snow and/or
increased ice storms may have created gaps
in the mixed conifer-hardwood forest dur-
ing the A-4 interval, which were then filled
by light-demanding paper birch and alder.
At higher elevations, alder may have re-
placed spruce at timberline, due to soil in-
stability or wetter environments from per-
sistent snow cover. As the boreal species
declined at the close of A-4 (10,000 yr
B.P.), increases in alder in some sites (i.c.,
Gaudreau and Webb, 1985) may have been
a successional phenomenon, filling in the
gaps before the nearby hardwoods and pine
expanded dramatically.

Inferring climatic cooling from the in-
crease in a suite of boreal species is not
unique to this pollen record. The Upper
Pleistocene pollen record from Lyon,
France (de Beaulieu ez al., 1984) exhibits
the same generic oscillations during the
Middle Wiirm interval (ca. 60,000-30,000 yr
B.P.). Temperate phases with oak and ha-
zel alternate with colder intervals of birch,
spruce, fir, and alder. Although the Euro-
pean species are different from the North
American species, the climatic implications
are the same.

CONCLUSION

The striking consistency in late-glacial
pollen stratigraphy in the northeastern
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United States, first recognized in the 1930s,
strongly suggests that a vegetational rever-
sal occurred regionally. Bulk radiocarbon
dates generally place the timing of the re-
versal, including a major spruce peak, at
approximately 11,000-10,000 yr B.P. AMS
radiocarbon ages of macrofossils provide
tangible evidence of the expansion of bo-
real taxa at Alpine Swamp, New Jersey,
during this interval. The identification of
boreal species expansion and their rapid de-
mise at 10,000 yr B.P. suggests that the
Younger Dryas climatic cooling was re-
sponsible for the vegetational change.

The demonstration of a North Ameri-
can vegetational response to the Younger
Dryas cooling along the North Atlantic sea-
board and in regions away from the North
Atlantic basin (Shane, 1987) raises further
questions concerning the origin of this
event. Changes in ocean circulation result-
ing from a Laurentide meltwater diversion
to the North Atlantic (Broecker et al., 1988)
could plausibly affect climate and vegeta-
tion in regions far from the Atlantic Basin.
However, in most of the U.S. late-glacial
stratigraphy, a palynological oscillation has
not been documented. A reassessment of
the palynological data would be useful be-
cause of the many factors which affect de-
tection of rapid oscillations. These include
sample selection, adequate chronological
resolution, and the topographic and phyto-
geographic setting of the location. As one
example, a lack of vegetational ecotones
near a site limits the sensitivity of a vege-
tational response to a climatic oscillation.

The results presented in this study sug-
gest that continuous re-evaluation and in-
vestigation of late-glacial pollen stratigra-
phy in North America and worldwide are
important, particularly with regard to
chronological control. If we are to establish
the timing of changes in ocean, land, and
atmosphere, AMS ages with small standard
errors are needed. Firm establishment of
the extent of this climatic reversal in North
America may also enlarge our understand-
ing of the contributing roles of climate
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and man in the late-glacial North American
mammalian extinction records centered be-
tween 11,000 and 10,000 yr B.P. (Bon-
nichsen et al., 1987).
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